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TKs  primary  objective  of  this  project  has  beer  the  development  of  system* 
that  reason  in  dynmlc  end  open-ended  environment  and  that  use  networks  sc 
their  primary  representation  language.  The  focus  of  our  research  has  been  t 
temporal  reasoning,  neural  networks,  truth  maintenance,  and  default  reasoning. 
This  investigation  has  led  to  several  basic  results:  the  expressiveness  of 
constraint  networks  was  analysed,  tractable  classes  of  constraint  sac Jcfsctior 
problems  were  identified  and  effective  processing  techniques  were  developed. 
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SUMMARY  OF  RESEARCH  RESULTS 


Specifically,  the  following  results  woe  obtained  during  the  period  of  performance: 

1 .  Theoretical  limits  were  obtained  on  ibe  expressiveness  of  constraint  networks  that  contain 
hidden  variables.  Trado-offs  were  established  between  the  number  of  hidden  variables  re¬ 
quired  end  the  size  of  focir  domain  to  ensure  that  an  arbitrary  relation  be  expressible  as  a 
constraint  network.  Similar  relationships  were  developed  between  the  sizes  of  the  variable* 
domain  and  the  level  of  local  consistency  to  ensure  global  consistency. 

2.  Distributed,  self-stabilizing  algorithms  wore  developed  for  solving  a  general  network  con¬ 
sistency  problem,  and  for  performing  truth-maintenance  tasks  on  singly-connected  struc¬ 
tures.  Effective  methods  were  developed  for  combining  qualitative  and  quantitative  infor¬ 
mation  for  temporal  reasoning. 

3.  New  applications  of  constraint  networks  were  identified  in  the  area  of  default  reasoning, 
leading  to  new  effective  algorithms  and  tractable  sublanguages  for  representing  defeasible 
information. 

4.  A  new  framework  was  developed  for  planning  under  uncertainty,  combining  causa!  net¬ 
works,  qualitative  probabilities,  and  qualitative  utilities. 

Results  fisted  under  hems  1  and  2  above  are  described  in  foe  accompanying  list  of  publi¬ 
cations.  The  following  is  an  elaboration  of  recent  achievements  summarized  under  items  3  and 
4  above. 

Default  reasoning  with  constraint  networks 

The  main  goal  of  this  project  has  been  to  identify  foe  features  that  render  certain  classes 
of  non-monotonic  theories  tractable,  and  to  implement  our  findings  in  a  working  system.  The 
approach  has  been  to  map  default  theories  into  well  understood  languages  such  as  propositional 
lope  and  constraint  networks  so  as  to  transfer  semantics  and  techniques  from  the  laucr  to  the 
former. 


The  approach  was  pursued  by  Rachel  Ben-Ellyahu  (PhD,  July  1993)  and  has  led  to  re¬ 
markable  results,  summarized  in  six  publications.  Basically  Rachel  has  shown  that,  contrary  to 
prevailing  folklore  and  some  unrealistic  theoretical  results,  practical  non-monotonic  reasoning 
need  not  be  harder  than  monotonic  reasoning.  She  has  found  a  way  of  translating  noo-monotonic 
tasks  to  propositional  theories  such  that  queries  (about  membership  and  entsilmcot)  posed  in  foe 
former  framework  can  be  answered  by  foe  latter. 

We  believe  these  results  will  have  a  significant  impact  on  foe  eventual  (and  inevitable) 
implementation  of  common  sen*  reasoning  in  practical  computer  systems.  Our  more  recent  ex¬ 
plorations  aim  at  finding  a  translation  (using  Clark’s  compfeiion)  that  will  permit  the  implemen¬ 
tation  of  default  logic  in  existing  PROLOG  systems. 

Qualitative  planning  under  uncertainty 
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Mott  Ttai-worid  knowledge  if  exprcuod  qualitatively  yet  ft  it  processed  by  principles 
other  than  those  of  classical  logic.  World  knowledge  Include,  far  example,  the  typical  properties 
of  objects  and  classes,  what  an  agent  should  expect  given  facts  observed  to  the  world,  and  how 
the  world  would  xcact  to  actions  taken  by  the  agent.  Such  facts  and  expectations,  are  usually  ex¬ 
pressed  in  the  form  of  logical  sentences  which  tolerate  exceptions  and  there  has  been  a  long  ten¬ 
sion  between  the  logical  and  probabilistic  approaches  of  processing  such  sentences. 

The  method  of  qualitative  probabilities  we  have  been  developing  in  the  past  few  years 
(first  with  II.  Geffhcr  (PhD,  1990)  and  more  recently  with  M.  Gotdsanidt  (PhD,  1992))  provides 
ways  of  combining  logic  and  probabilities  so  as  to  achieve  the  benefiu  of  both.  With  the  aid  of 
this  method  it  became  possible  to  derive  natural  priorities  among  conflicting  sentences;  and  to 
answer  queries  without  computing  explicit  rankings  of  models  or  formula*.  The  result  is  a 
semi-tractable  account  of  plausible  beliefs  winch,  as  in  classical  logic,  are  qualitative  and 
deductively  closed  and,  as  in  probability,  arc  subject  to  redaction  and  to  varying  degrees  of 
firmness. 

A  major  progress  along  this  research  is  the  successful  incorporation  of  causal  expres¬ 
sions,  which  has  been  an  embarrassing  stumbling  block  in  all  non-monoionic  systems.  This  last 
step  has  provided  a  genuine  qualitative  counterpart  to  probabilistic  networks  and  now  offers  a 
unifying  framework  for  performing  prediction,  abduction,  inheritance,  and  control.  Our  rooa 
recent  achievement  toward  a  fully  autonomous  reasoning  agent  has  been  rite  development  of  a 
qualitative  decision  theory  which  combines  qualitative  information  about  utilities  and  likeli¬ 
hood,  thus  providing  the  basis  for  qualitative  planning  under  uncertainty. 

lire  surprising  aspect  of  ovr  finding  has  been  the  ccooomy  and  simplicity  of  the 
knowledge  required  for  implementing  this  scheme.  In  particular,  we  have  shown  that  adding  a 
single  causal  network  as  pan  of  the  agent  knowledge  base  is  sufficient  for  specifying  the  dynam¬ 
ics  of  beliefs  under  any  sequence  of  actions  and  observations,  thus  facilitating  the  analysis  of  ac¬ 
tions,  their  consequences,  their  interact  too  with  observations,  their  expected  utilities  and,  hence; 
the  synthesis  of  plans  and  strategics  under  uncertainty. 

In  summary,  we  have  developed  a  oonychenrire  framework  far  a  practical  autonomous 
reasoning  agent  that  is  unique  in  several  respects:  It  is  grounded  in  sound  probabilistic  seman¬ 
tics,  it  is  tractable  for  many  practical  purposes,  and  it  is  versatile,  incorporating  variable-strength 
expressions,  pooling  of  evidence,  actions,  causo-cflcci  relationships  and  utility  information.  We 
believe  that  titht  system  will  be  tire  from  runner  in  applications  involving  sensor  interpretation 
planning,  and  control. 
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